The physical properties and shear bond strength of two resin-modified glass-ionomers: RMGIs (FJL and VT) and as a control, a conventional glass-ionomer: CGI (FJ), were evaluated. Ninety percent of the setting shrinkage under dry conditions and nominal hygroscopic expansion in water during 360h occurred within the first 24h. The nominal hygroscopic expansion of CGI was 0.38% while the RMGIs demonstrated over 1%, but considering the setting shrinkage the total hygroscopic expansion of CGI and the RMGIs were over 7 times and about 2.5 times, respectively.
INTRODUCTION
Since Wilson and Kent developed glass-ionomer cement in the 1970s1), it has become a popular restorative material and is used in a variety of clinical applications.
However, conventional glass-ionomer cement (CGI) has some disadvantages including weakening of physical properties, loss of translucency caused by early water contamination2, 3) , and dehydration if exposed to the air. To overcome these disadvantages, in the early 1990s a novel glass-ionomer-a mixture of CGI and a resin monomer such as hydroxyethylmethacrylate (HEMA) with a visible light curing initiator-was developed, and previous studies have found that resin-modified glass-ionomer (RMGI) has superior physical properties and shear bond strength4,5). However, HEMA incorporated in RMGI is a hydrophilic resin which shows great polymerization shrinkage. For this reason, it was thought that RMGI may show a greater dimensional change than CGI. The shrinkage which occurs during the setting process in CGI and RMGI can damage the bonding between the glass-ionomer and the tooth structure, as composite resins6-9). If damage to the bond occurs, RMGI may show a greater marginal gap than CGI due to the polymerization shrinkage of HEMA. Nevertheless, manufacturers and previous studies advocate that RMGI has good marginal adaptability10-12) and it was thought that this result reflected not only the greater bond strength but also a compensation for polymerization shrinkage by hygroscopic expansion.
Therefore, in the present study, two commercial RMGIs and a CGI as a control were examined to evaluate physical properties-setting shrinkage, hygroscopic expansion, thermal expansion, water absorption and solubility-and to evaluate the shear bond strength, which is an important property for a restorative material. Table 1 shows the three glass-ionomer cements and P/L ratio used in the present study. A conventional glass-ionomer (FJ) and two resin-modified glass-ionomers (FJL and VT) were tested.
MATERIALS AND METHODS
All were for restoration, and used according to the manufacturer's recommendations.
Linear dimensional change measurement For measuring of setting shrinkage and hygroscopic expansion, freshly mixed glassionomer cement was condensed in a split stainless-steel mold (8mm long, 4mm width, and 1mm thickness). A polyester strip was placed on the filled cement and was pressed with a glass plate. The prepared CGI specimens were cured at room temperature (R.T.), and the specimens of RMGIs were light activated for 90s in a ionomers, and subsequently water uptake was slow. In water absorption, there were significant differences, except between FJL and VT (P<0.05), and in solubility, there were significant differences except between FJ and VT (P<0.05).
Shear bond strength measurement Fig. 3 shows the shear bond strength of the three materials to enamel and dentin of bovine teeth. All VT specimens for the shear bond strength to dentin were failed during specimen setting for test. Of the three glass-ionomers, shear bond strength to enamel was as follows: FJL>VT>FJ, and to dentin, FJL>FJ>VT. Although, FJL showed the greatest shear bond strength to enamel and dentin, VT which is the same type of RMGI as FJL, showed a very low shear bond strength to dentin and could not be detected. In other shear bond strength studies17-19) RMGIs showed a greater value than CGI, but this only approximately agrees with the present experimental results in shear bond strength to enamel.
DISCUSSION
As shown in Fig. 2 , the setting shrinkage curves of three glass-ionomers in dry condition showed a high initial linear dimensional change. Thereafter, the RMGIs became almost constant after 24h, but CGI was slightly decreased with time elapsed. This result would depend upon the progress of the acid-base reaction, and/or upon the dehydration in CGI. If it was a sign of progress of the acid-base reaction20), long term measurement for dimensional change would be more useful.
Further investigation should examine this situation. manufacturers and previous studies, is due to not only for the greater bond strength than CGI but also for the hygroscopic expansion.
And it was thought that dimensional change of the resin component and glass-ionomer component in RMGI would effect the marginal adaptability of RMGI respectively.
Further research on these properties is vital. CONCLUSION 1. The total hygroscopic expansion of CGI was 7 times greater and in the RMGIs 2.5 times greater than nominal hygroscopic expansion. There were no significant differences in total hygroscopic expansion among the three glass-ionomers (P< 0.05). 2. The water absorption of the RMGIs was greater than CGI and there was no significant difference between FJL and VT (P<0.05). FJL showed the greatest solubility among the three glass-ionomers and there were significant differences except between FJ and VT (P<0.05). 3. The thermal expansion coefficient of the three glass-ionomers in the dry condition showed significant differences except between FJ and VT (P<0.05), and there were significant differences among the three glass-ionomers (P<0.05) in 15 days water immersion condition. In the water immersed condition, the RMGIs showed a greater value than in the dried condition, in contrast to CGI which became smaller. 4. FJL showed superior shear bond strength to enamel and dentin of bovine teeth than CGI but, VT showed greater shear bond strength only to dentin.
